Introduction
A reservoir is an artificial basin with a riverine source capable of storing more than 1 hm 3 of water. It provides significant contribution to global fisheries (Miranda 2008) . Although reservoirs are built by man and for man, activities in the catchment area affect its functions and biodiversity. The problems that often arise include cultural eutrophication as a result of anthropogenic run-off of nitro-phosphate fertilizers from farmlands, siltation from catchment land erosion, and excessive loading of organic and inorganic particles from domestic and industrial effluents.
Eutrophication could present a serious problem in the reservoir by causing loss of structural diversity (Scheffer 1998) , with an increase in primary production and biomass resulting from algal bloom. The death and decomposition of the algal bloom could bring an unpleasant taste and odour to the water, while Persson (1985) reported off-flavour and off-odour in fishes of eutrophied lakes. Fouling of fishing gears on account of massive attachment of algae has also been noted in highly eutrophied lakes (Paavilainen et al.1985) . Eutrophication destroys the food web and decreases biodiversity at higher trophic levels (Hanson and Buttler 1994) , which could lead to loss of socio-economic functions of the reservoir for drinking, swimming, tourism, recreation, fisheries or irrigation. Eutrophication may also induce changes in yield and species composition of fish populations in reservoirs, decrease biotic integrity (Miltner and Rankin 1998) and often lead to the disappearance of a population of organisms (Gliwicz and Jachner 1992) .
Several researchers have implicated nitrogen and phosphorous in the eutrophication of reservoirs, among whom are Dodds (2002) , Zhao (2004) , Khan and Ansari, (2005) , Yang et al. (2008) to mention just a few. According to Rast et al. (1989) , an increase in nitrogen or phosphorous, one or other or both, which tends to limit phytoplankton productivity, usually leads to eutrophication. Increased total nitrogen TN and total phosphorous TP levels that exceeded natural background levels have been found to be deleterious on fish communities (Miltner and Rankin 1998 ). Another contributing factor is decomposition of organic matter in sediments, which tends to release nitrate and phosphate into the water (Conley et al. 2002) .
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Materials and Methods
Study area description. Oyun reservoir is a small, shallow tropical African reservoir located in Offa, Nigeria, longitude 8°30'05'' N and latitude 8°15'55'' E. It is a dam reservoir on the Oyun River, created to supply potable water for domestic and industrial uses to an estimated population of about 300,000 people. Subsistence and commercial fishing activities are also carried out on the reservoir. The trophic classification, morphometric characteristics and biological composition of the reservoir have been described by Mustapha (2008 Mustapha ( , 2009b Mustapha ( , 2009c .
Water quality samplings. Nitrate, phosphate, dissolved oxygen and carbon dioxide ions were sampled from three stations designated 1, 2 and 3 for two years between January, 2002 and December, 2003 in the reservoir. Triplicate surface water samples were collected monthly in the mornings between the hours of 8.00 am and 10.00 am for a period of two years, from January, 2002 to December, 2003. Three sampling stations designated stations 1, 2 and 3 were chosen on the reservoir for sample collection (Fig. 1) . Station 1 was located at the dam axis where much human activity takes place, Station 2 was located at the mid-section of the reservoir and representing an area of slow moving or lentic water, while Station 3 was located in a fast flowing or riverine section in the headwater of the reservoir. Surface water temperature, pH, electrical conductivity and total dissolved solids were measured in situ using Hanna portable pH/EC/TDS/Temperature combined water proof tester model HI 98129. Transparency was determined using the secchi disc. Surface water velocity was measured by the floatation method (Adoni 1985) . Dissolved oxygen was determined by the Azide modification of the Winkler method, carbon dioxide was determined by titration (APHA 1995) , while Nitrate (NO 3 ) and phosphate (PO 4 ) were measured according to APHA (1995) standard procedures using Hach spectrophotometer model DR-EL/2. All the chemical analyses were done at the water quality laboratory of Kwara State Utility Board, Ilorin, Nigeria, immediately after the sample collection.
Sampling for fish assemblage. Fish species composition and abundance were estimated through monthly collection of fish samples between January, 2002 and December, 2003 from the three stations. Gill nets, cast nets and lift nets of various mesh sizes rang- ing between 5.08 cm and 17.78 cm were used to sample the fishes from all the stations. A variety of mesh sizes was used to reduce species and size selectivity characteristics of gill nets. The fishes were identified using keys compiled by Holden and Reed (1972) and Reed et al. (1967) , sorted into species and families.
Statistical analyses. The general linear models (GLM) procedure of statistical analysis system 9.1.3 (SAS Institute 2003) was used to analyse the results. Raw data (physico-chemical and fish) were log transformed Log 10 (X+1) for normality parametric statistical test requirements. Two-way analysis of variance (ANOVA) at P<0.05 was used to compare the averages and test for significant differences in means of the physico-chemical parameters among the seasons and fish abundance with seasons.
Results
The results of the mean ranges of the concentrations of the physico-chemical factors in the three stations of the reservoir and their seasonal significant abundance for the two years are presented in Table 1 The fish species composition and abundance for the two years in the reservoir are shown in table 2. A total of 7713 fishes of 18 species in 14 genera and 9 families were collected during the 24-month sampling period. The families Cichlidae and Momyridae were the most diverse with 4 species each. Cichlidae dominated the fish community in terms of abundance, while Osteogossidae was the least abundant. Tilapia zillii was the most abundant species constituting 30% of the fish population in the reservoir, while Heterotis niloticus had the least species diversity and number (0.22%) in the fish assemblage. Fish species and abundance were found to be significantly higher (P<0.05) during the dry season.
Discussion
Due to technical limitations and the dearth of information on impacts and effects of eutrophication on the fish community of shallow tropical African reservoirs, this study was limited to the recorded increase in the concentrations of phosphate, which was above the natural background levels range of 0.005 to 0.05 mg l -1 (Dunne and Leopold, 1978) and the global average of 0.1 mg l -1 for nitrate in freshwater (Meybeck and Helmer, 1989) , coupled with other factors like temperature, transparency, dissolved oxygen, carbon dioxide, pH and conductivity that could influence the eutrophication process in the reservoir. The probable (potential) impacts of the increased concentrations of these nutrients, especially nitrate and phosphate, on the fish assemblages and fisheries of the reservoir were deduced, drawing information from the results of other eutrophied lakes and reservoirs in temperate and tropical regions of the world.
The increase recorded in nitrate and phosphate concentrations came from leaching of nitro-phosphate fertilizers from nearby farm lands into the reservoir (Mustapha 2008) . This is more evident during the rains, when there was intense use of fertilizer resulting in a slow cultural eutrophication in the system. Other human watershed activities that contributed to this (Mustapha 2009c ). Eutrophication will be more pronounced in the reservoir as a result of its shallowness, slow current velocity, adequate temperature and pH (Li and Liao 2002; Mustapha 2009b) , along with favourable transparency (Shen 2002) , carbon dioxide (Yang et al. 2008) , and dissolved oxygen (Khan and Ansari 2005) , all of which had synergistic effects on the eutrophication process in the reservoir. The effects of these high nutrient loads in the reservoir and favourable environmental conditions led to the production of large algal bloom with the occurrence of 25 genera of phytoplankton having a total biomass of 13595×10 3 cells per millimetre composed of blue-green and green algae (Mustapha 2009a) . The impacts of high algal biomass and the deleterious effects of blue-green algae on the ecology of freshwater ecosystems are well known (Perona and Mateo 2006; Murdock and Dodds 2007; Yang et al. 2008 ). All these negative effects of eutrophication will affect the composition, diversity and abundance of fish species in the reservoir once the eutrophication becomes intense, moving from slow to a fast one if the process is not checked in time.
The increased nitrate and phosphate levels that exceeded the natural background levels must have caused the imbalance in the fish community assemblages in the reservoir. Murdock and Dodds (2007) reported that fish communities depend on the natural nutrient balance within the system. Worldwide it is documented that nutrient concentrations are increasing in rivers by at least 50% (Dodds 2002) . The dominance of pelagic phytoplanktivorous cichlids, which became an opportunitistic species as a result of the availability of a large amount of phytoplankton, could be linked to this phenomenon. Persson et al. (1991) have noted this type of observation in temperate lakes. The decline seen among the other families of fish in species of other trophic levels such as in Clariidae, Osteoglossidae and Mochokidae was due to the proliferation of algae with the suppression or reduced availability of food for these families in the food web cycle. Other possible causes of this reduction include loss of aquatic vegetation, which offers a habitat for fish reproduction, shelter and food supply. Moss (1980) has reported that massive algae growth hinders or stops the establishment of macrophytes. According to Hanson and Rudstam (1990) and Murdock and Dodds (2007) increase transport of nutrients resulting in anoxic conditions in the spawning grounds of the fishes, changes in the littoral zones of the reservoir and deoxygenation of the hypolimnion following the decomposition of algae in the previous season could have contributed to the reduction in bottom dwelling species such as Schilbeidae in the reservoir. Eutrophication was implicated in the decline of fish species in the reservoir because of its ability to destroy or alter lentic food webs, affect dissolution of oxygen, decrease biodiversity (Hanson and Buttler 1994) , lead to the disappearance of a population (Gliwicz and Jachner 1992) and induce changes in yield and species composition (Miranda 2008) . Eutrophication and some of its attendant scenarios like reduced transparency, turbidity and so on could have accounted for the low species diversity and abundance of fish assemblage during the rains in this reservoir. Other challenges which the slow cultural eutrophication could pose to the fish and fisheries of the reservoir in the future include off-flavour and off-odour of the fishes as reported by Persson, (1985) and fouling of the fishing gears as indicated by Paavilainen et al. (1985) .
Since only slow cultural eutrophication was observed in the reservoir, efforts to stop the process from becoming accelerated in the reservoir should be embarked upon in time. If this is not done, the concentrations of the nitrate and phosphate may exceed the permitted levels in the drinking water standard (WHO 2000) thereby affecting not only the fisheries of the reservoir but the water quality and other purposes the reservoir serves. Measures to reduce the process could be done through the stoppage of the use of nitro-phosphate based fertilizers on farmlands located near the reservoir, banning washing and bathing and preventing cattle from coming near the reservoir. These measures if taken will play a role in providing adequate fish assemblages in the reservoir. Agricultural watershed best management practices (BMPs) to reduce nutrient loads by controlling timing, amount and type of fertilizers could also be advocated, in case total stoppage of the use of fertilizers on farmlands is impossible or could create conflicts. Cultural eutrophication caused by run-off of phosphate-containing detergents and fertilizers in Lake Maggiore (Italy) was controlled by a reduction in external nutrient loadings in the watershed (de Bernardi et al. 1996) . Stocking of desirable fish species and their manipulation of fish stocks, which is a method to restore eutrophic lakes (Perrow et al. 1997) , could help to restore the imbalance in the population of fish species in the reservoir.
Successful eutrophication control can also be achieved by internal controls of the nutrients (Cooke et al. 1993; Smith 1999) . This is especially applicable in tropical shallow reservoirs where increased frequency of disturbance, decomposition of algae and organic matter could increase the phosphorous release from sediment, especially at high temperature (Conley et al. 2002; Cai et.al. 2007 ).
Conclusion
In order to safeguard shallow tropical African reservoirs from eutrophication and its attendant impacts on water quality, fish and fisheries, research should be more focused on anthropogenic and autogenic transformation and release of nutrients in the reservoir ecosystems as well as the interactions between the nutrients, watershed and food webs. This will enable more understanding of the eutrophication process in tropical shallow reservoirs of Africa and help in developing an adaptive management and control of the freshwater ecosystem and its fisheries resources.
